Abstract-Hypersonic flows around spatial vehicles during their reentry phase in planetary atmospheres are characterized by intense aerothermal phenomena. The aim of this work is to analyze high temperature flows around an axisymmetric blunt body taking into account chemical and vibrational non-equilibrium for air mixture species. For this purpose, a finite volume methodology is employed to determine the supersonic flow parameters around the axisymmetric blunt body, especially at the stagnation point and along the wall of spacecraft for several altitudes. This allows the capture shock wave before a blunt body placed in supersonic free stream. The numerical technique uses the Flux Vector Splitting method of Van Leer. Here, adequate time stepping parameter, along with CFL coefficient and mesh size level are selected to ensure numerical convergence, sought with an order of .
I. INTRODUCTION
HIS article presents a calculation of a reactive flow around an axisymmetric blunt body, hemisphere-cylinder. Experiments for the hypersonic shock tunnel remain a valuable source of information on the physicochemical phenomena which occur in the flow of air surrounding the model. Numerical simulations came to supplement the theoretical and experimental studies thanks to the appearance of powerful calculators and with the development of powerful mathematical tools. In the present work, we implemented a numerical technique to simulate the hypersonic flow around an axisymmetric blunt body. The gas considered is the air in a standard state composed of 21% of O 2 and 79% of N 2 . In this case, the infinite conditions of the flow are those of the atmosphere at a given altitude. In addition, it is necessary to take into account the air non-equilibrium state at the exit of a nozzle to compare with experiment data Haoui [3] .
Upstream the body, an intense detached shock wave occurs resulting in a very large temperature raise located at the nose of the body just after the shock. In this case the air starts to dissociated and transforms gas composed of five species, O 2 , N 2 , NO, O and N. There are several models treating the chemical kinetics that differ according to the number of chemical reactions taken into account.
Haoui Rabah is with University of Science and Technology Houari Boumediene, Algiers. e-mail:tec374@yahoo.fr A realistic study must consider all the probable chemical reactions occurring in the flow. Here, the model with seventeen chemical reactions is selected, allowing for all possible reactions between chemical species constituting the mixture [3] .
Speeds of the reactions employed are those of Arrhenius law. This is in addition to the expression of Landau Teller [5] for non-equilibrium of vibration. Time characteristic of vibration is given by Blackman model [6] . Time characteristic of translation and rotation of molecules are very short comparing to time characteristic transition of the flow, whilst, the return to equilibrium state for these modes is very fast. Note that equilibrium of translation and rotation is carried out in any point of the flow and at any moment. By considering the range of temperatures in which the present study is placed, the phenomena of ionization of the species can be neglected. Similarly, radiation effect is ignored. The chemical kinetics and the non-equilibrium of vibration are taken into account in the computational domain. The system of nonlinear partial derivative equations which governs this flow are solved by an explicit unsteady numerical scheme.
II. EQUATIONS
The Euler equations for the mixture in non-equilibrium contain in addition for mass conservation, momentum and energy, equations of the evolution of chemical species (N 2 , O 2 , NO, O, N) and the energy of vibration of the molecules. It should be noted that only O 2 and N 2 species are considered in non-equilibrium state. The molecule of NO, is taken in equilibrium of vibration as its time characteristic of vibration is of two orders of magnitude lower than that of O 2 between 3000K and 7000K [7] .
In its vectorial form, the system of equations is written in 3D as following:
Where:
The flux 
Where: K . An empirically expression for the forward reaction rate f K may be written as 
Where T z / 10000 = , and the coefficients 0 c through 4 c are provided for each reaction [8] , see the pressure follows [9] : 
ne of the five er). Goudjo [4] . axisymmetric e are given by: 
Body surface
In this case, as flow is not viscous, a slip condition is applied on the wall. At any point M(x, y) on the wall the following condition must be checked:
n is the normal to the wall.
Axis of symmetry
In any point M of the axis of symmetry, the following condition should be satisfied:
Border downstream
At the exit of the computational domain, downstream the body, the flow is supersonic; the exit values of the flow filed parameters are extrapolated from the interior values.
Stagnation point
At stagnation point we are two conditions, axis of symmetry and body surface. In this case we use the mesh presented in fig. 3 . For calculation we impose: air at this he Mach numb ns based on art which conv 0 -3 . This is here the resid ls 2600 iterati ion count inc qual to 0.4. without ther of the chem supposedly fix e density is ab ower toleran e residue acco 0) nodes. . For more details see haoui [15] . 
VIII. CONCLUSION
The numerical simulation of the flows around reentry bodies at high temperatures provided satisfactory results from a numerical and a physical point of view. With high degree of accuracy requirements, computational convergence is achieved and the physical phenomena considered are visible after the detached shock wave and around the blunt body. The choice of the kinetic model for this type of flows is interesting. The model with 17 reactions proves to be more realistic since it practically considers all the possible collisions between molecules and atoms of the air mixture. After the shock, the air is in nonequilibrium state, and a freezing is obtained after the stagnation point, about 6 . 0 = r x . At the stagnation point of the body, the temperature of gas is found to be lower than a case where molecules dissociations are not implemented in the simulation. During the atmospheric reentry of spacecraft, when the altitude passes from 70Km to 50Km, the temperature at the stagnation point passes from 12000K to 3000K. The region surrounding the stagnation point is exposed to the high heat transfer. For example, at 45 km of altitude, the temperature at the stagnation point is 5100K, then it decreases along the wall up to the value 2000K which corresponds to the distance x/r=1 from the stagnation point. 
